Four new cyclic peroxide compounds (1 ~ 4) were isolated from the marine sponge Plakortis simplex. Their structures including relative stereochemistry were determined by MS and NMR analysis. All compounds, a side carbon chain with 10 carbons, were very unstable. After transformation into methyl ester analogues, the structure determination was conducted. Compounds 1a and 2a are stereoisomers, assigned as 3S*, 4S*, 6R* and 3R*, 4S*, 6R*, respectively. Similarly, compounds 3a and 4a, replaced the methoxy group with an aliphatic methyl, are also stereoisomers. Compounds 1a and 2a exhibited the strong antifungal effect against the fungus Candida albicans.
Introduction
Sponges have been the most plentiful sources of numerous biologically active and structurally novel secondary metabolites. 1 As part of an ongoing search for new bioactive metabolites from the Korean sponges, four 5α, 8β-epi-dioxy sterols including a new derivative were isolated from a sponge of Plakortis simplex collected in Keomun island, the southeast of Korea. 2 More recently, fractionation for P. simplex extract exhibited the strong antifungal activity and led to the isolation of four new cyclic peroxide compounds (1 ~ 4) by the activity-guided separation. Cyclic peroxides, given as 1, 2-dioxane with an acetic acid moiety at C-3 and an aliphatic chain at C-6, have been described from a number of marine organisms, especially from sponges of the family Plakinidae. 3 After the first report of plakortin, 4 an increasing number of related compounds were been characterized, including minor cyclic peroxides in which the alkyl chain terminates with a phenyl residue. 5, 6 Many of the peroxy compounds exhibited cytotoxicity against P-388, HT-29 tumor cells, 7, 8 antifungal, 9 antiplasmodial activity. 10 Over the last few decades, peroxide-based drugs have also been considered as one of the most remarkable advancements in malaria chemotherapy. 11, 12 In this paper we report the isolation of four cyclic peroxides and their structure elucidations. Unfortunately, four isolated compounds were very unstable. Therefore, the structures of four compounds were determined after transformation into methyl ester analogues. The interpretation of 1D and 2D NMR analysis completely led to the NMR assignments for all compounds.
Experimental Methods
General Experimental-All NMR spectra were recorded on a Varian VNMRS 500 spectrometer in CDCl 3 solution. Chemical shifts of the proton and carbon spectra were reported in reference to residual solvent peaks at 7.26 ppm and 77.0 ppm, respectively. For all experiments, the temperature was stabilized at 297K. The parameters used for 2D NMR spectra were as follows; The gradient COSY spectra were collected with a spectral width 2567 Hz in a 512 (t1) ´ 1024 (t2) matrix applying the pulse gradient of 1ms duration with a strength 10 G/m and processed with a sinebell function. 
Results
Four new cyclic peroxide compounds 1 ~ 4 were isolated from the 100% methanol fraction of P. simplex extract. However, all these compounds were very unstable and decomposed before the NMR experiments were accomplished. A combination of 2D NMR data (COSY, HSQC and HMBC) led to define the planar structure of 1a.
Sequential COSY correlations from geminally coupled protons at C 2.44 and 2.93 revealed the partial structure -CH 2 CH-(O)-CH(CH 3 )CH 2 -as shown in Fig. 3 . Another partial structure was also deduced as a long linear carbon chain from the COSY correlations. Each partial structure was then connected to the C-6 quaternary carbon at d C 103.1, which is evidenced by its long range coupling with protons in the terminal of two partial structures. Further HMBC correlations placed one methoxy group on the C-6 carbon and the carbonyl group on C-1. Similarly, another methoxy proton correlating with the carbonyl carbon in the HMBC spectrum formed a methyl ester group. On the other hand, the remaining two oxygen atoms and the possession of a ring of 1a allowed us to accommodate a cyclic peroxide ring by introducing a peroxide linkage between C-3 and C-6. Accordingly, 1a was determined as a cyclic peroxide with a side chain consisting of 10 carbons based on the mass analysis. Configurational assignments of the three chiral centers in 1a were established from the proton coupling constants and the NOESY analysis. The splitting pattern of H-3 was analyzed to have the coupling constants of 9.5, 3.7 and 3.7 Hz which indicate the spin coupling with one axial and two equatorial protons. From this interpretation, the H-3 oxymethine proton was suggested to be b-orientation.
This configuration was also confirmed by the NOE cross peaks H-2b/H-5a and H-3/H-4. Similarly, the b-orientation of H-4 was readily determined by the obvious NOE correlation between H-2a and Me-17. Unlike above analyses, the configuration of C-6 could not be assigned by any NOE correlations. Instead, the strong NOE cross peaks between H-7 and the protons of 6-OMe enabled to the observation of the W couplings from H-5a to the carbon at 6-OMe and rationalized the axial position of 6-OMe group as shown in Fig. 4(a) . Thus, the relative configurations of the three asymmetrical centers were assigned as 3S*, 4S* and 6R*. Compound 2a had the same molecular formula as 1a on the basis of the mass and the 13 C NMR analyses, but showed the difference in the 1 H and 13 C NMR spectra [ Fig. 1(b) ]. The analysis of 2D NMR data suggested compound 2a to be a stereoisomer of 1a. First of all, the H-3 oxymethine proton was shifted to the upfield and showed the coupling pattern with the coupling constants of 3.4, 9.3 and 9.3 Hz which represent the equatorial coupling with H-2b and two axial couplings with H-2a and H-4. The configuration of C-3 was also supported by the NOE cross peaks H-2a/H-4 and H-3/H-5a [ Fig. 4(b) ]. In addition, the b-orientation of H-4 was determined by the coupling constant, J HH = 13.2, 4.4 Hz, for H-5b. The configuration of C-6 was elucidated to be identical to that of 1a in the previous way. Therefore, the relative stereochemistry of 2a was assigned as 3R*, 4S* and 6R*. The molecular formula for a related compound, compound 3a, was deduced to be C 19 H 34 O 4 by HRESIMS analysis. Compared with 1a, compound 3a was featured by the presence of olefinic protons, an olefinic methyl, a singlet methyl group in replacement of one methoxy [ Fig. 1(c)] . A careful examination of 2D NMR spectra led to the planar structure similar to that of 1a, but the most difference is the replacement of the 6-OMe group with a methyl group and the insertion of one double bond in the linear carbon chain. In the similar manner as 1a, the stereochemistry of 3a was established as 3S*, 4S*, 6R* by the coupling constant and NOE analyses. In particular, the position of 6-Me was obvious in the NOESY data showing the cross peak between H-4 and 6-Me. The double bond was thought to be placed at C-14 and C-15 due to the olefinic methyl at d H 1.64 and its geometry was assigned as E form from the chemical shift value of the C-13 allylic carbon. 13 Finally, compound 4a was identified as a stereoisomer of 3a from the same molecular formula Except for the configuration of C-3, the structure of compounds 3a and 4a was identical each other on the basis of the interpretation of 2D NMR spectra. The isolated compounds 1 and 2 exhibited a strong antifungal activity against the fungus Candida albicans with a paper disk diffusion method [ Fig. 5 ].
As shown in Fig. 5 , the size of inhibition zones of compounds 1 and 2 was wider than that of amphotericin(AMP) as positive control and was given as 17 and 18 cm, respectively. 
